prevalence, and survival from specific geographic areas and compiled reports on all of these plus cancer mortality. 9 Using cases in SEER, we attempted to determine whether the radiation or surgery could be an optimal treatment regimen for patients with T1-2N0M0 LSCC in this study. Meantime, propensity score matching was used to reduce bias caused by clinical characteristic variance between groups, which may contribute to the existing conflicting consequences. However, it is noteworthy that our results cannot be a reference before controlled, prospective trials are performed. cancer.gov/seerstat/). To acquire sufficient data from the database, the selection process is shown in Figure 1 . Briefly, patients with labeled primary sites C32.0-Glottis, C32.1-Supraglottis, C32.2-Subglottis, C32.3-Laryngeal cartilage, C32.8-Overlapping lesion of larynx, or C32.9-Larynx NOS were included. Exclusion criteria were as follows: (1) not SCC; (2) without positive histology confirmation; (3) not the first tumor; (4) not stage I or stage II; (4) chemotherapy received; (5) underwent both radiotherapy and surgery; (6) not beam radiation if radiotherapy administered. Conversion from the old version to the seventh AJCC TNM staging system was performed manually. All patients who met the inclusion and exclusion criteria were divided into radiotherapy and surgery groups according to the mode of therapy. Clinical, pathologic, and sociodemographic characteristics, including age, gender, race, year of diagnosis, state, primary site, grade, T classification, TNM stage, insurance, and marital status at the time of diagnosis, were included in the analyses. Age was categorized by 10 years (≤50, 51-60, 61-70, 71-80, >80 years of age at diagnosis). The LSCC cancerspecific survival status and non-LSCC cancer-specific F I G U R E 1 A, Flow diagram of selecting process. B, Mirror histograms of propensity scores for patients with radiotherapy and with surgery.
| METHODS

| Data selection
Matched patients are presented in dark color. C, Standardized differences of baseline variables between patients with radiation and with surgery before and after propensity score matching survival status were extracted from the variables "SEER cause-specific death classification" and "SEER other cause of death classification" in SEER database. The LSCC cancerspecific survival outcome attributed to SCC cancer-specific deaths and survival time was censored at the date of lost follow-up, the last contact data, or the date of death from other causes, whichever occurred first. The non-LSCC cancerspecific survival status was used for competing risk analyses.
| Study design and statistical analysis
Statistical analyses were performed using IBM SPSS Statistics 24.0 (IBM, Inc., Armonk, NY) and R version 3.3.4 (R Foundation for Statistical Computing, Vienna, Austria).
The patients were divided into two groups according to the mode of treatment (radiotherapy vs surgery). The survival analysis was performed using a propensity score matching system to overcome patient selection bias among the baseline variables of the two groups. 10, 11 Covariates thought to determine the choice of grouped patients were matched in the study as follows: age; gender; race; year of diagnosis; state; site; grade; T classification; TNM stage; insurance; and marital status at the time of diagnosis. The exposure for the propensity model was set as surgery. Propensity scores were carried out using the "MatchIt" package. 10, 12, 13 Matching results were obtained with the "nearest" matching method, and every case of the surgery group was matched to the control from the radiotherapy group with the closest propensity score. A standardized difference <10% is acceptable to assess the balance of covariates before and after matching. 14 The baseline characteristics between the radiotherapy and surgery groups before and after matching were compared using Wilcoxon and chi-square tests. Univariate and multivariate analyses were calculated using the Cox proportional hazards model. Only the variables with a P-value <.05 in the univariate analyses entered into the multivariate analyses, while the multivariate analyses were performed with the backward stepwise (likelihood ratio) method and a threshold 0.10. The survival rates were estimated by the Kaplan-Meier method, and log-rank test was used for comparing survival curves after propensity score matching. Competing risk analyses were performed, as previously reported. 15 A two-tailed P-value <.05 was considered statistically significant.
| RESULTS
| Patient characteristics
As shown in Figure 1A , Tables 1 and S1 . Compared to the patients who underwent surgery, the patients who received radiotherapy were older (P = .005), had worse tumor differentiation (P = .010), had a higher T classification (P < .001) and TNM stage (P < .001), were more likely to be black (P < .001), and were less likely to have insurance (P < .001). Patients who underwent surgery represented an increasing proportion (P < .001) from 2004 to 2014. These variations in baseline characteristics may have a marked impact on survival outcomes.
After matching based on propensity scores, 1913 pairs of patients were selected; one-half were treated with radiotherapy and another half underwent surgery. There were no significant differences between the two groups, and all the P values for age, year of diagnosis, state, grade, stage, T classification, and insurance status had been greatly improved (Tables 1 and S1 ). The absolute values of standardized differences in matched variables were all <10%, suggesting that the variables were well balanced after matching. The matched groups had similar propensity score distributions, and the mirror histograms of propensity scores for patients are shown in Figure 1B ,C.
| Survival analyses
The survival outcomes for the two groups of LSCC patients with T1-2N0M0 tumors are shown in Figure 2 . Patients who received radiation had a distinctly worse survival when compared with patients who underwent surgery; the fiveyear cancer-specific survival rates were 83.9 ± 1.1%% and 88.5 ± 0.9%, respectively (P = .003; Figure 2A ). Competing risk analysis also indicated that the patients who received radiation had a higher risk of LSCC-associated mortality (P = .003), while there was no significant difference in the probabilities of other causes of death (P = .958; Figure 2B ).
We further examined the correlation between survival and other parameters. Univariate analyses revealed that age (P < .001), state (P < .004), site (P < .001), grade (P < .001), stage (P < .001), T classification (P < .001), and marital status (P < .001) were statistically significant predictors of LSCC-specific survival in addition to therapy, as shown in Tables 2 and S2 . No significant difference was demonstrated for gender (P = .572), race (P = .188), year of diagnosis (P = .286), and insurance status (P = .252). Based on multivariate analysis, therapy (P = .003), age (P < .001), grade (P = .016), T classification (P < .001), and marital status (P < .001) remained independent prognostic predictors for LSCC patients. The variables, site (P = .190) and stage (P = .636), were not significant predictors of survival based
on multivariate analysis because they were not independent from the T classification.
To better characterize the impact of therapeutic approaches on survival of LSCC patients, we stratified the matched patients by variables which were significant based on multivariable analysis. As Figures 3 and S1 show, in patients ≤60 years of age, survival in the radiotherapy group was significantly worse than that of the surgery group. In patients >60 years of age, however, there was no significant difference in survival between the radiotherapy and surgery Detailed data of year at diagnosis and state are listed in Table S1 .
groups. The survival curves were almost overlapping, especially in patients >70 years of age.
In the recent TNM stage system of laryngeal cancer, T1 classification of glottis cancer is divided into T1a, T1b, and T1 not specified. In our analyses, we found that only patients with stage T1a glottic cancer who underwent surgery had superior survival to radiotherapy, while there was no significant difference in T1b and T1 not specified glottic cancer, as shown in Figures 4 and S2 . Neither T1 nor T2 supraglottis and subglottis squamous cell carcinomas had significant differences in survival. With respect to differentiation stage, radiotherapy had a comparable survival as surgery in moderately differentiated, poorly or undifferentiated tumors, but not in well-differentiated LSCC patients ( Figures 5 and S3) .
Interestingly, our analyses showed that surgery had a preferable survival in patients who were married when diagnosed ( Figure S4) ; however, in divorced, single, separated, widowed, or unmarried patients, there were no differences in survival between the radiotherapy and surgery groups.
As shown in Figures S1-S4 , the results of competing risk analyses further validated the findings mentioned above after the fully consideration of other death causes.
In all, radiotherapy resulted in a significantly worse survival in LSCC patients with the following characteristics: ≤60 years of age, T1a glottis cancer, well-differentiated tumors, or married (patients with either one characteristic accounted for 85.4% (6188/7246) of all T1-2N0M0 LSCC patients in our cohort). Radiotherapy was not inferior to surgery for the treatment of all other LSCC patients.
| DISCUSSION
In this study, we compared the survival of 7246 patients with early-stage LSCC who underwent radiotherapy and surgery. Overall, our study indicated a hypothesis that patients with T1a stage of glottis cancer who were ≤60 years of age, married, or with well-differentiated tumors treated with radiotherapy had worse survival outcomes than patients treated with surgery.
The present study had several limitations that should be noted. First, because the SEER database did not provide detailed information, we could not calculate the influence of factors, such as radiation technology, radiation dose, and surgery regimens. Different surgical or radiotherapy techniques have been adopted in the different institutions, which have great impact on patients' survival. Second, in this analysis, we only focused on treatment mortality but not life quality as the data of life quality were not included in SEER database. Third, the patients included were from the USA; thus, the results might not be applicable to other populations. The last but not least, although the SEER database is population based and offers excellent follow-up records, our study was retrospective and prospective studies with a larger randomized study cohort are needed to further validate our results.
Our study was based on the data obtained from SEER, a population-based database. Population-based studies may be misinterpreted as they provide comparative survival curves similar to curves found in reports of phase III trials. In fact, population-based data should not be taken as reference studies for clinical decisions, because many biases may obscure their conclusions. In the case of the present study, it is clear from the data before matching that the two populations of patients treated with radiation or with surgery are not prognostically similar, with clear disadvantages for the radiation population.
Megwalu et al 16 reported that patients with early-stage laryngeal cancer treated with surgery have better survival outcomes than patients treated with radiotherapy. Our analyses revealed that patients with radiotherapy were older, had worse differentiated tumors, had higher-stage tumors, were more likely to be black, and were less likely to have insurance. These variations in baseline characteristics may have a marked impact on survival outcomes. In the current study, we used propensity score matching to eliminate the potential bias caused by the variations in baseline characteristics, while all matched values were well balanced and radiotherapy obtained comparable survival outcomes in a number of patients. Propensity score matching has been frequently applied, and it is expected to play an increasingly important role in future clinical analyses. [17] [18] [19] It is a useful statistical tool to generate hypotheses, but by no means may be taken as a substitute for proper randomization. In addition, a competing risk model was used in the current study to avoid the occurrence of cancer-specific deaths hindered by other deaths. Detailed data of year at diagnosis and state are listed in Table S2 .
The optimal treatment for elderly people with LSCC is not well defined. 20 In the current study, for laryngeal patients >60 years of age, radiotherapy produced comparable survival outcomes compared with surgery. Our results indicated that radiation therapy was closely effective in elderly LSCC patients. Among LSCCs, glottic cancer is the most common subtype, accounting for 80% of LSCC patients in the current study. Several studies have concluded that surgery is associated with a higher survival in patients with LSCCs, while there are a number of studies that have reported the opposite results; however, most of these studies were based on <100 patients. [21] [22] [23] [24] In a large meta-analysis that included 562 participants treated with laser surgery and 706 participants treated with radiotherapy, the pooled analysis showed that laser surgery significantly improved the overall survival of patients with T1 glottic carcinoma group. 25 In the current study, surgery yielded better survival than radiotherapy in patients with T1a stage glottis SCC, but not T1b, T1 not specified, or T2 stages. Our analysis showed that there is no statistically significant association between the mode of treatment and survival of early-stage supra-and subglottic SCC, which is consistent with a previous report. 26 The number of patients with T1-2N0M0 subglottic cancer in our study was limited, perhaps because the vast majority of patients with subglottic cancer present with a locally advanced stage. 27 Previous reports have revealed that patients with poorly differentiated LSCC fared less well than patients with better differentiated tumors. 28, 29 In the current study, we also found that the grade of differentiation significantly influenced survival based on univariate and multivariate analyses. Compared to more differentiated cancer cells, less differentiated cells reproduce more and have a diminished ability to repair sublethal damage caused by radiotherapy, which will be inherited through cell division, thus accumulating damage to cancer cells. As a result, cells either die or reproduce more slowly. 30 Perhaps this attribute is why LSCC surgery is superior to radiotherapy in patients with well-differentiated tumors, but the survival is comparable in patients with moderately differentiated, poorly differentiated, or undifferentiated LSCC who undergo surgery or receive radiotherapy.
In the current study, we showed that marital status had a significant impact on the prognosis of LSCC patients as previously reported. 31 Inverso et al 32 also reported that marriage had a protective effect against metastatic presentation of laryngeal cancers. Our results showed that surgery had a better survival rate for married patients, while the survival of unmarried patients was similar whether treated with surgery and radiotherapy. In our study, we only focused on treatment mortality but not voice outcomes or larynx preservations as these data were not recorded in SEER database. In a recent metaanalysis, Huang et al 33 reported that patients with radiotherapy may have the advantage of increased maximum phonation time and decreased fundamental frequency compared with patients undergoing laser surgery in T1a glottis cancer. However, Du et al 34 reported that the acoustic voice analysis parameters of Fo values were significantly lower in radiotherapy group than those in laser surgery group in patients with early glottic cancer. Huang et al 35 also reported that laser surgery may benefit from increased larynx preservation compared with radiotherapy. Now, there are still lacks of studies focused on the voice outcomes or larynx preservation of supraglottis or sublarynx cancer. More trials are still needed.
| CONCLUSION
Our results indicate a hypothesis that radiotherapy is not a preferable option in early-stage LSCC patients who are ≤60 years of age, have T1a glottis cancer or welldifferentiated tumors, or are married. In all other patients with early-stage LSCC, radiotherapy will yield comparable survival outcomes. However, as the information of radiation and surgery from SEER database is not detailed enough, the study results cannot be a reference before controlled, prospective trials are performed.
